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INTRODUCTION
The time budget of a lactating dairy cow housed in a freestall environment can be split into 7 main categories: milking, eating, lying/resting, ruminating, socializing in alleys, drinking, and standing in stalls (Grant and Albright, 2000) . Poorly designed or mismanaged housing facilities can alter normal social interactions, interfere with lying behavior, and result in longer standing durations (Greenough and Vermunt, 1991; Singh et al., 1993; Bickert and Cermak, 1997) . For instance, overcrowded barns (Wierenga and Hopster, 1990; Leonard et al., 1996; Fregonesi et al., 2007) and long waiting time for access to milking (Ketelaar de Lauwere et al., 1996; Gomez and Cook, 2010) have been demonstrated to affect the time cows have available for eating and lying behaviors. It has been found that cows housed intensively indoors express less synchronization of behavior than cows kept on pasture (Miller and Wood-Gush, 1991) . However, in conventional dairy systems, synchronization of behavior does still occur, particularly around times of milking and feed delivery. For dairy herds with automated milking systems (AMS), the distribution of milking events is spread over a 24-h period. Possibly as a result, less synchrony in the behavior of cows milked with AMS has been found in previous research (Winter and Hillerton, 1995) .
In conventional systems, it is common for cows to leave the pen as a group to be milked and then to feed as a group upon their return from milking, particularly when fresh feed is available at the bunk (DeVries and von . When cows are managed under the industry standard of 0.6 m of feed bunk space per cow, fewer than 70% of animals feed simultaneously at such peak times (DeVries et al., 2003) . This suggests that space availability limits animals from feeding together, especially during popular eating times. If feeding space is limited, increased competition among cows at the feed bunk may lead to some cows modifying their feeding times to avoid aggressive interactions (Miller and Wood-Gush, 1991) . When comparing parlor and AMS, Wagner-Storch and Palmer (2003) observed a more consistent flow of animals to the feed bunk in the AMS herds than in the conventional systems. These lower, more consistent percentages of cows eating at any one time could indicate that less linear feed bunk space per cow is required on AMS farms (Morita et al., 2000; Wagner-Storch and Palmer, 2003) .
For group-housed and -fed dairy cows, the delivery of fresh feed is the most important factor in determining the feeding patterns . In fact, the more frequent the provision of fresh feed, the more time dairy cattle spend feeding throughout the day . For AMS, the provision of fresh feed at multiple time points throughout the day may entice cattle to go feed and remain standing following milking rather than lie down. This approach would be beneficial for udder health (DeVries et al., 2010) , as well as for improved cow traffic, resulting in greater milking frequency, more consistent milking intervals, and fewer fetched cows (Svennersten-Sjaunja and Pettersson, 2008) .
In AMS, availability of the milking unit is of concern when trying to maximize milking frequencies, primarily because milking interval is known to have a significant effect on milk yield (Hogeveen et al., 2001) . Cow-related factors, including milk yield, stage of lactation, and parity, are also known to affect milking frequency in AMS (Nixon et al., 2009) . The success of AMS is likely largely affected by the combined result of effects of housing, management, and cow characteristics. Thus, the objective of this study was to describe the housing, feeding management, and characteristics of cows on commercial AMS dairies and their association with the standing and lying behavior patterns and milking activity (frequency and yield) of lactating dairy cows.
MATERIALS AND METHODS

On-Farm Data Collection
A cross-sectional observational study was performed on 13 AMS herds in Ontario (Canada) in July and August 2011. Of these herds, 10 milked with an Astronaut (Lely Industries N.V., Maassluis, the Netherlands), and 3 milked with a VMS (DeLaval International AB, Tumba, Sweden). Herd sizes averaged 71 ± 30 (range: 34-131) lactating cows, and used either 1 (n = 11) or 2 (n = 2) AMS units. Dairy herds were selected randomly from a list of AMS herds situated within a geographical area wherein a large proportion of the AMS dairy herds in Ontario are located (southwestern Ontario). Herd owners were contacted by phone and asked about their willingness to participate in the study. The only criterion for enrollment was that the cows were housed in freestall barns set up for free cow traffic to the AMS. All herds had Holstein cows as the predominant breed, but this was not a criterion for selection.
A random sample of 30 cows per herd was selected to monitor standing and lying behavior and milking activity for 4 consecutive days. This method was based on previous research that demonstrated that reliable estimates of lying behavior on commercial dairy farms can be generated using 3 d of continuous recordings (at 1-min intervals) from 30 focal animals (Ito et al., 2009) . During the 4 recording days, all successful milking events (including time, length, frequency, and yield) were automatically collected and electronically stored by the AMS. The focal cows were 144 ± 92 DIM and had an average parity of 2.3 ± 1.2 at the beginning of the data collection period. Data on cow parity and DIM were recorded from the AMS software. Standing and lying behaviors were collected using data loggers (HOBO Pendant G Data Logger; Onset Computer Corp., Pocasset, MA). This device measures leg orientation at 1-min intervals, and allows all the standing and lying behavior data to be collected electronically (Ledgerwood et al., 2010) . Prior to use, care was taken to synchronize the times of the AMS and the data loggers. Data loggers were attached to one of the hind legs of the cows using veterinary bandaging tape (Vetrap Bandaging Tape; 3M Canada Co., London, ON, Canada) and recorded for the 4 d. Data collected were used to calculate standing and lying durations (min/d), bout frequency (no./d), and bout length (min/bout). Postmilking standing duration (min) was calculated as the difference in time between the end of milking and the first recorded instance when the cow lay down following milking. Premilking standing duration (min) was calculated as the difference in time between the start of milking and the time at which the cow stood up before milking. During the 4 d of data collection, times of feed delivery and feed push-up were recorded by the various herd managers. These data were used to record frequencies of feed delivery and feed push-up.
On the initial visit to each herd, when data loggers were attached to the cows' legs, a survey was administered on farm where facility design and management were measured. On-farm measurements included stocking density at the feed bunk (m/cow), stalls (stalls/ cow), and AMS unit (cows/AMS). Style of feed bunk (flat surface or bunk) and feed barrier (post and rail or headlock bunk) were also recorded.
Statistical Analysis
Prior to analyses, all data were tested for normality using the UNIVARIATE procedure of SAS (SAS Institute, 2008) . All data were summarized across each of the 4-d collection period for each cow. To determine the association of housing and management (frequency of fresh feed delivery, frequency of feed push-ups, type of feed bunk, and stocking density at the feed bunk, freestalls, and milking unit) and cow characteristics (parity and DIM) with milking (frequency and yield), standing, and lying behavior, a multivariable mixed model was fitted to the data using the MIXED procedure of SAS (SAS Institute, 2009). The models included the random effects of herd and cow within herd. Univariable analyses were conducted for the fixed effects of parity, DIM, milk yield, frequency of feed deliveries, frequency of feed push-ups, type of feed bunk, and stocking density at the feed bunk, freestalls, and AMS, on measures of standing and lying behavior and milking activity (frequency and milk yield) to determine which cow-and herd-level explanatory variables had an association with the outcome variable being evaluated. Only those variables with associations with P < 0.25 in this initial screening were included in the multivariable linear regression model (Dohoo et al., 2009 ). The CORR procedure of SAS was used to check for correlations between the kept explanatory variables. If 2 variables were highly correlated (r >0.8), the one with the lower P-value in the univariable analysis was retained. Effects were considered significant at P < 0.05 and tendencies at P ≤ 0.1. Manual backward elimination of nonsignificant and nontrending effects were used and, from the resultant models, plausible 2-way interactions were examined and retained if P ≤ 0.1.
RESULTS AND DISCUSSION
Descriptive statistics for the study herds are found in Table 1 . On average, study herds had low stocking density at the freestalls and slightly higher-than-recommended space availability at the feed bunk (0.61 m/cow, Grant and Albright, 2001) . A previous cross-sectional survey study found that the majority of freestall dairy herds, milking with parlors, in Minnesota provided 0.45 ± 0.11 m (range = 0.21 to 0.75 m) of feed bunk space per cow, well below industry recommendations (Endres and Espejo, 2010) . Previous research has shown that lactating dairy cows experience less competition and improved access to feed when they are provided with more than the industry standard of 0.61 m of feed bunk space per animal (DeVries et al., 2004; DeVries and von Keyserlingk, 2006; Huzzey et al., 2006) . Even though it has been suggested that feed bunk requirements for cows milked with an AMS may be less than the standard 0.61 m/cow due to less synchronization of feeding activity (Morita et al., 2000; Wagner-Storch and Palmer, 2003) , little research exists to support this recommendation. In fact, limited data exist on current feed bunk space availability on AMS herds. Thus, more research is needed in this area. It is widely accepted that having almost 60 cows/AMS unit is the optimal stocking density. In the current study, it was found that the average number of cows/AMS on the study herds was below this recommended standard (Table 1) .
Across herds and the 4-d data collection period, 46% of the farms fed once daily, 38% fed twice daily, and 15% fed 3 times daily (Table 1) . Castro et al. (2012) reported once-daily feeding frequencies in their observational study of 29 AMS herds. Bell et al. (2011) observed that AMS herds that fed with conventional feeding systems fed, on average, 1.4 ± 1.0 times/d and that those with automated feeding systems provided fresh feed 7.4 ± 1.7 times/d. Even though little empirical data exist in that study or elsewhere to support this recommendation, Rodenburg (2002) suggested that providing fresh TMR several times per day (particularly in forced-cow traffic systems) could improve voluntary visits to the milking unit.
Four of the current study herds had fixed feed bunks where feed push-up was not necessary. Of the 9 remaining herds, 1 herd averaged 2 feed push-ups per day and 8 of the herds averaged more than 2 feed push-ups per day across their 4-d data collection period (Table  1) . Limited observational data are available on the frequency of feed push-ups on AMS herds or recommendations for such frequencies.
In a survey study of conventionally milked freestall herds in Minnesota, Endres and Espejo (2010) observed an average of 5.4 ± 2.3 feed push-ups daily. Limited data exist on duration of resting behavior of cows kept in AMS herds. In the current study, lying duration (Table 2) was similar to that observed by DeVries et al. (2011) in an AMS herd, where they reported lying duration of 11.2 ± 2.5 h/d. Cows in the current study, who did not have to stand waiting in a conventional restricted holding area before milking, had similar lying durations to reports of cows in parlormilking, freestall systems (Wechsler et al., 2000; Cook et al., 2005; Ito et al., 2009) . In conventional parlormilking, freestall systems, cows are restricted to a holding area before milking. The cows in the current study were not subjected to a restricted holding area, but nevertheless had similar lying durations, although we hypothesized they would have longer lying durations. Although data on the AMS waiting area (open area in front of the milking stall) were not collected in the current study, Jacobs et al. (2012) reported multiple factors concerning the waiting area that cause cows to hesitate to enter the AMS and may cause cows to stand waiting for longer periods of time to access the AMS. It is possible that the AMS waiting area has a similar effect on the standing duration of the cows as parlor holding pens in conventional systems.
Lying bout frequencies and lengths are also found in Table 2 . Average bout frequency and duration in the current study were similar to what DeVries et al. (2011) observed in an AMS herd (8.0 ± 2.9 bouts/d; 84.1 ± 38.4 min in length). There is a shortage of data on the average duration of lying bouts and bout frequencies of cows in AMS herds.
Similar to that previously observed in AMS milked cows by DeVries et al. (2011) , cows in the current study with greater milk yields had shorter lying bouts and shorter overall lying durations (Table 3) . This supports the notion that cows with greater milk yields have higher energy requirements than lesser-yielding cows, requiring them to attend the feed bunk more often (Bewley et al., 2010; DeVries et al., 2011) . Lying duration was positively associated with greater frequency of feed push-ups as well as increased space at the feed bunk. Researchers have previously indicated that increased frequency of feed push-ups has little effect on feed bunk attendance and less effect on feeding activity than delivery of fresh feed (DeVries et al., 2003) . However, it is possible that with feed being pushed up more frequently, feed is more readily available in the bunk (Endres and Espejo, 2010) . Additionally, it has been demonstrated that when more space is available to cows at the feed bunk, they can dedicate more time to eating. Furthermore, this may result in cows eating in a more efficient manner (with less inactive standing in the feeding area; DeVries and von , and being able to direct more of their time to lying down . Additionally, with more feed bunk space, cows may encounter fewer animals at the feed bunk and, therefore, be subjected to fewer aggressive interactions . Further studies in which feeding behavior is measured would be needed to confirm this hypothesis. This also may be the reason why lying bout duration was positively associated with increased space at the feed bunk. It is interesting to note that the majority of the herds enrolled on this study were understocked at the feed bunk. It is possible that barns that had ample space allowances at the feed bunk were built with the intention of future expansion that they had not yet achieved. Alternatively, it is possible that herds that had old barns that had been converted to accommodate an AMS that were originally designed for fewer animals and, thus, had higher space allowances at the feed bunk. Average premilking and postmilking standing durations are found in Table 2 . Average postmilking standing duration in the current study (75 min) was longer than that previously reported for conventionally milked, freestall-housed cows (35 min: Tyler et al., 1997; 55 min: DeVries and von Keyserlingk, 2005; 62 min: DeVries et al., 2005) . The findings from our study were similar to that reported for an AMS study and also cows housed and milked in tiestalls (78.4 min; DeVries et al., 2011; 79 min; DeVries et al., 2010) .
Previous research has indicated that it is beneficial for cows to remain standing after milking to help prevent IMI (Peeler et al., 2000) . The reason for this approach is that keeping cows standing after milking is thought to allow time for the teat canal to close, limiting the chance of bacteria penetrating the teat and infecting the udder should the cow lie down in a soiled stall (Mc-Donald, 1975; Schultze and Bright, 1983) . Conversely, it has also been shown that cows that remain standing for over 1.5 h after milking in a tiestall system, and over 2.5 h in a freestall AMS system, also have an increased risk of a new udder infection caused by environmental bacteria (DeVries et al., 2010 (DeVries et al., , 2011 . It has been hypothesized that a second period of increased teat canal diameter occurs (following the initial period that occurs immediately after milking) and, thus, bacterial penetrability, occurring approximately 2 h following milking (McDonald, 1975; Schultze and Bright, 1983) . In a previous AMS study, postmilking standing duration increased when cows milked close in time to a feed delivery or feed push-up (DeVries et al., 2011), suggesting that frequent feed delivery and push-up may increase postmilking standing duration. However, in the current study, postmilking standing behavior was not found to be associated with frequency of feed delivery. Premilking standing duration was negatively associated with frequency of feed push-ups (Table 3) . This may, again, relate to the hypothesis that if feed is more available to the cows with increased frequency of feed push-ups, they may choose to lie down rather than actively search for food. Postmilking standing duration was associated with parity (Table 3) ; cows of greater parity spent more time standing following milking. To our knowledge, this may be the first report of such an association. It is possible that older cows likely produce more milk, have higher metabolic demands, and thus remain standing to eat more. In our model, however, milk yield was not a predictor of postmilking standing duration. This would suggest, therefore, that there is likely another factor influencing this phenomenon that we have not captured. Hence, more research is needed to address this finding. Milk yield data can be found in Table 2 . An observational study by Castro et al. (2012) observed an average of 28.5 ± 3.9 kg/d for AMS cows in free-cow traffic systems. Cows in the current study had greater milk yield when provided more space at the feed bunk (Table 4) . Very few studies exist in both conventional and AMS systems concerning feed bunk space availability and milk production. Naess et al. (2011) reported that no evidence exists that feed bunk space has any significant effect on milk yield in both conventional parlor systems and AMS. It has been documented that reducing feed bunk space has a negative effect on feeding behavior for freestall-housed cows milked in conventional parlors (Friend et al., 1977; DeVries et al., 2004) , most notably affecting low-ranked cows (Huzzey et al., 2006) . Evidence exists supporting DMI being positively correlated with milk yield in conventional milking systems (Martin and Sauvant, 2002) . It follows that formulating rations with appropriate DMI for AMS-milked cows is of importance, which has been noted by Halachmi et al. (2011) . It is possible that more space at the feed bunk resulted in higher milk yields because cows may be encountering fewer aggressive interactions at the feed bunk and having the chance to increase DMI (DeVries and von . However, it should be noted that herd-level and cow-level DMI and aggressive interactions were not recorded in this study.
Across herds, cows averaged 2.8 ± 0.4 milkings/d (mean ± SD; Table 2 ). Compared with other studies and reports of milking frequencies in AMS, this observed milking frequency was high. The closest observed milking frequency was an observational study of free-cow traffic AMS herds in which Castro et al. (2012) observed an average of 2.7 ± 0.3 milkings/d. Another observational study reported an average of 2.5 milkings/d for free-cow traffic AMS units (Gygax et al., 2007) . Other nonobservational studies have reported milking frequencies ranging from 2.2 to 2.5 milkings/d (Wagner-Storch and Palmer, 2003; Bach et al., 2009 ). However, Madsen et al. (2010) reported 3.0 milkings/d in a free-cow traffic system, indicating that a greater cow throughput of the AMS is possible. Interestingly, researchers have previously reported greater milking frequency with forced-traffic (2.5 to 2.9 milkings/d) compared with free-traffic systems (2.0 to 2.2 milkings/d; Melin et al., 2007; Bach et al., 2009 ). All of the herds enrolled in this current study used free-traffic systems and still had relatively high milking frequencies.
Cows had greater milking frequency when there was lower stocking density at the AMS unit (Table 4) . Availability of the AMS is an important factor when trying to maximize milking frequencies (Hogeveen et al., 2001) . Jacobs et al. (2012) found that even in understocked AMS herds, cow behavior and group dynamics may influence the availability, efficiency, and overall success of the AMS. Additionally, those researchers speculated that when the AMS is at full capacity, the largest influence on AMS time budgets could be social dynamics within groups of cows or individual variation in behavior. In robotic systems, it is recommended that cows frequent the AMS as much as possible to optimize successful milking visits. Similarly to findings observed by Gygax et al. (2007) , cows in this study had a higher milking frequency in early lactation than cows later in lactation. This result, coupled with our finding of an association of decreased milk yield with increased DIM, may suggest that visits to the AMS closely reflect the change in milk yield throughout lactation. Also in agreement with previous research by Bach et al. (2009) , cows of greater parity had fewer milkings per day. Work by Spolders et al. (2004) supports the findings from the current study that multiparous cows visit the AMS less frequently than primiparous cows, and that milk yield is higher for multiparous cows. The authors encourage more research to better understand the association of greater parity and fewer milkings in AMS.
CONCLUSIONS
In this observational study, we found that cows milked in free-cow traffic AMS herds in Ontario milked more frequently when they were of lower parity, were of fewer DIM, and experienced lower stocking density at the AMS. Overall, daily lying duration in these cows was positively associated with providing more space at the feed bunk and increased frequency of feed push-ups. Additionally, we found that cows had greater milk yield when provided with greater space at the feed bunk. From this study, it can be concluded that increased milking frequency may be achieved on AMS herds by reducing the number of cows per automated milking unit. Further, in AMS systems, greater milk yield and lying duration may be achieved by ensuring that cows have ample feed bunk space and have their feed readily available to them in the bunk. Further studies concerning feed bunk space allowance and feed intake of both subordinate and dominant animals would be useful to help explain some of the found associations.
